Recovery of hentriacontane (C31 alkane) in feces as influenced by amount consumed and level of dietary fat was examined in a 2 x 2 factorial study in a 4 x 4 Latin square.
Introduction
Estimation of ruminal digestibility of feedstuffs by sampling duodenal content through a Tcannula has become common. Accurate determination of digestibility depends on use of markers that flow with the material being measured. Chromic oxide is most commonly used, but it flows variably with both liquid and particulate phases (Sutton and Oldham, 1977) . Newer methods, particularly to mark particulate matter, include chemical modification with an external marker (Cr-mordanted cell walls, Ud6n et al., 1980) and indigestible ADF or NDF as internal markers (Tamminga et al., 1989) . Whereas chemical modification changes digestibility (Smith et al., 1987) rate of passage (Ehle et al., 1984) , indigestible residues may be variably digested or solubilized (Tamminga et al., 1989) and are chemically ill-defined.
The natural long-chain n-alkanes have been suggested as internal markers for determining intake and digestibility of herbage in sheep (Mayes et al., 1986) . Of particular interest is their application in determining digestion in the rumen and intestinal fatty acid flow, because fatty acids and hydrocarbons share some common characteristics as lipids and would be expected to have similar flow patterns in the gastrointestinal tract (GIT). Further, hydrocarbons are defined chemical entities and discretely measurable. However, recovery of hentriacontane ((231 n-alkane) from the GIT of sheep was about 84% (Mayes et aL, 1986) , and the site of loss of the longchain hydrocarbons is uncertain. Incomplete recovery may limit its use as an internal marker of digestion.
The purpose of these studies was to investigate the recovery of C31 in the GlT of dairy cows to determine whether dietary fat influences its recovery and to compare recov-ery with that of AL4, an internal marker often used in digestion studies (Thonney et al., 1979; Block et al., 1981; El Hag and El Hag, 1983; Murphy et al., 1987) . Additionally, studies were designed to determine whether the site of loss of dosed C32 is nuninal or postruminal.
Materials and Methods

Experiment I
Four nonlactating Holstein cows (average BW 616 kg, SD 35.3) were used in a 4 x 4 Latin square design with a 2 x 2 factorial arrangement of treatments. Dietary treatments were 1) 70:30 (DM basis) alfalfa hay:concentrate (AH); 2) AH + 500 g/d calcium soap4
(AH-M); 3) 7030 grass hay:concentrate (GH); and 4) GH + 500 g/d calcium soap (GH-M).
The two types of hay were chosen to achieve a wide range of hydrocarbon intake. Concentrations of C31 n-alkane and AJA (milligrams/ kilogram of DM, mean f SE, n = 4) were 425 f 11.8 and 7,577 f 760, 184 f 5.1 and 9,181 f 740, and 29.3 f 1.1 and 3,108 f 414 for alfalfa hay, grass hay, and concentrate mix, respectively. Concentrate was a dairy mix based on corn and soybean meal (16% CP).
Chopped forage, concentrate, and fat supplements for each cow were measured and fed together in two equal portions twice daily at 0700 and 1900 in a tie-stall barn with rubber floor mats bedded with wood shavings. Orts were weighed at 0700 daily. Each period lasted 14 d. Feeding was for ad libitum intake (10% orts) on d 1 to 7 and for 95% of ad libitum intake from d 8 to 14. Before the morning feeding on d 10, cows were moved to digestion stalls for total fecal collection on d 10 to 14. Urine and feces were collected separately as described by Palmquist and Conrad (1978) . Daily fecal output for each cow was weighed and thoroughly mixed and 1% of fresh weight was sampled. Daily samples were composited over the 5 4 collection for each cow and frozen until they were analyzed. During collection, samples of forage, concentrate, and orts were 4Megalac, a nlminally inert fat (calcium salts of longchain fatty acids) manufactured by Church and Dwight Co., Inc., F'rinceton, NJ. taken daily at 0700. Cows remained in stalls for the entire study, except when they were weighed at the beginning and end of each period before the morning feeding.
Dry matter was determined immediately upon thawing fecal samples and on forage, concentrates, and orts for each cow by drying at 1WC for 24 h. Dried samples were ground (1.0-mm screen, Wiley mill). Determination of AIA was according to van Keulen and Young (1977) , and determination of C31 was as described by Mayes et al. (1986) except for the following modifications: lipid extraction was with petroleum ether for 8 to 18 h; .6 mg of tetratriacontan$ per 2.0 ml of heptane was used as an internal standard and was added to samples before extraction with petroleum ether. The GLC column was a RSL-150 Heliflex .53 mm x 10 m capillary6. Oven temperature was programmed linearly at 2c'/ min from 220 to 270'C. Dry matter digestibility was computed directly from daily fecal output and indirectly from marker concentrations in feed and feces. Marker recovery was calculated as the proportion of total marker (C31 or AIA) intake that was recovered in the feces. Data were analyzed by least squares analysis of variance (Harvey, 1979) . Components of variance were animal, period, and treatment. Treatment sums of squares were separated into effects of forage type, fat level, and forage x fat.
Experiment 2
Three nonlactating, nonpregnant cows (average BW 659 kg, SD 59.2) fitted with ruminal and T-type duodenal cannulas were used. Cannulation was similar to that described by Komarek (1981) . Two collection periods were used in a reversal design. Each period was 14 d and consisted of a preliminary feeding period (d 1 to 9) followed by 5 d of total fecal collection (d 10 to 14). All cows were fed diets of grass hay:concentrate 5050 @M basis). Concentrate mix and feeding schedules were as in Exp. 1. Feeding was for ad libitum intake on d 1 to 7 and for 95% of ad libitum intake on d 8 to 14.
On d 8 to 14 of Period 1, cows were dosed at 0700 and 1900 with 300 mg of C32 n-alkane via the duodenal cannula, and chromic oxide (12 g) wrapped in coarse paper was placed in the rumen via the ruminal cannula. In Period 2, feeding and management were as in Period 1 = alfalfa hay, AH-M = alfalfa hay + Megalac (500 g/d), GH = grass hay, GH-M = grass hay + Megalac (500 g/ d).
b m a a vs grass (P < .OS).
except that both C32 n -h e (300 mg am and pm) and chromic oxide (14 g am and pm) were dosed ruminally from d 5 to 14. Total fecal collection for all cows was on d 10 to 14 in both periods, as described in Exp. 1.
The C32 dose was prepared by weighing 300 mg of C32 n-alkane hydrocarbon7 into gelatin capsules containing about 7 ml of lecithin. The contents were carefully mixed and capped. Lecithin was used as a carrier because of its amphiphilic property to enhance the distribution of the hydrophobic hydrocarbon in the gut.
Sampling procedures were as in Exp. 1. Samples of forage, concentrate, orts, and feces were analyzed for DM and C32. Chromium in fecal samples was analyzed by the method of Williams et al. (1962) using an atomic absorption spectrophotometefl.
Recovery of C32 (percentage) in the feces when the marker was dosed either duodenally or ruminally in Periods 1 and 2 was determined by dividing the amount of C32 re covered in the feces (milligrams/day) by the total C32 dose (600 mgld). The recovery of chromium dosed into the duodenum or rumen during the two periods was also calculated. Recovery of C31 (percentage) was determined for each cow within period by dividing the total amount of C31 in feces (milligrams/day) by total C31 consumed (milligrams/day) in feed. Data were analyzed by least square analysis of variance (Harvey, 1979) 
Results and Discussion
Experiment 1
Intake, fecal output, and digestibilities of DM (kilograms/day) did not differ among treatments, but DM digestibility (percentage of intake) was higher (P < .05) in cows fed alfalfa hay than in cows fed grass hay ( Table 1) . No differences in fecal recovery of C31 n-alkane due to either fat level or forage type x fat level were observed ( Table 2) . Contrasts reported are, therefore, between alfalfa and grass hays. Intake of C31 was higher (P < .01) in cows fed alfalfa hay because of the higher concentration of C31 in alfalfa hay than in grass hay ( Table  2) . Excretion in the feces of C31 (milligrams/ day) also was higher (P c .01) when alfalfa hay was fed, but when expressed as a percentage of C31 intake, fecal recovery was lower (P < .01) in cows fed alfalfa hay than in those fed grass hay. Recovery decreased quadratically with increasing intake (Figure 1) . Because the mechanism of the loss is unknown, we cannot speculate on why loss should increase in this manner. The quadratic effect seems to be physiological, because a linear model of the data would yield a positive intercept for recovery (Figure 1) at zero intake, an unattainable condition. Although ALA intake was higher in cows fed grass hay than alfalfa (Table 2), fecal recovery was essentially 100% and was not influenced by treatment.
Dry matter digestibility (percentage) from total collection was estimated more closely by using AIA than by C3l because of low C31 recovery flable 3). Loss of C31 caused DM digestibility to be underestimated. Ratios of fecal ATA:C31 were higher (P < .05) than feed ALkC31 within diets, also indicating a lower 
4.
whole tract recovery of C31 than of AIA marker.
It is clear from this study that fat had no effect on marker recovery or on whole tract digestion when measures were made either by using C31 and AIA as markers or by total fecal collection. Fat facilitates emulsification and micelle formation in the small intestine (Mead et al., 1986), and lower recovery of C31 in diets with added fat may be expected should emulsification be an important factor affecting C31 recovery. It was, therefore, necessary to test whether this would occur. Our results are consistent with the finding of Mayes et al. (1986) , who reported that incorporating palmitic and stearic acids with dosed c28 and C32 did not affect fecal recoveries of the alkanes. Mean fecal recovery of C31 in their experiment was 85.4%.
Reasons for lower fecal recovery of C 3 1 in cows fed alfalfa hay (Table 2) are not apparent. Effects of forage source and amount of C31 intake were confounded in this study. Whatever the cause of differences in C31 recovery, lower losses with grass hay caused estimated digestibility to be higher with grass than with alfalfa hay, whereas the opposite was true with total collection and AM. Differing losses limit application of the hydrocarbon marker method to comparisons of digestibility within forage sources, until the cause of losses is determined. Recovery of AIA (percentage) was higher than that of C31 regardless of forage s o u~c e or effect of fat in the diet (Table 2) . Recovery (gramdday) in the feces was correlated (r = 0.988) with ALA intake, whereas AIA re covered (percentage) was independent of AIA intake (r = .262). Total tract AIA recovery is consistent with data of Block et al. (1981) .
who found that fecal recovery of AIA in dajl cows and sheep was between 98 and 102%. Thonney et al. (1979) reported average whole tract recoveries between 98.9 and 101.2% in cattle.
This study further confirms that C31 is not completely recovered in the feces and that higher amounts of C31 from alfalfa hay further reduce whole-tract recovery in dairy cows. Total tract digestibilities determined by the C31 internal marker wiU thus be lower than true values. D i e t a r y fat had no effect on recovery of C31 in the GI" of dajr cows and would be unlikely to bias the results of experiments with dietary fat treatments.
Experiment 2
Dry matter intake, fecal output, and digestibility (percentage) by total collection were similar in both treatments (Table 4 ) . Dose site of C32 had no effect on the recovery of C31 or chromium in the feces (Table 5) . About 12 to 15% loss of C31 was observed, whereas Cr was completely recovered in the feces. However, the dose site of C32 did influence (P < .09)
C32 recovery in the feces ( indicate that losses in the rumen account for the observed incomplete recovery. If dosed C32 behaves similarly to C31 in feed, digestibility measurements with C31 as an internal marker in the rumen and total tract would be underestimated. However, one may propose some assumptions that would increase its usefulness as a marker for ruminal digestibility measurements. If n-alkane recovery in the feces were quantified by a completely recovered marker, as for example, AIA, and if one assumes the loss is totally ruminal, then the n-alkane can be used effectively to estimate digestion in the rumen. Its desirable characteristic of tight association with particulate matter justifies further research to confirm these assumptions with a wider variety of diets and feeding conditions. Studies on mechanisms of long-chain hydrocarbon loss in the GIT also would be useful.
Implications
Long-chain hydrocarbons are potentially useful particulate and lipid markers for partitioning digestion in ruminants because of their physico-chemical characteristics and the ability to measure them as discrete chemical entities. Extent and intestinal site of loss must be documented with a wider variety of diets and feeding conditions to defiie appropriate conditions for using hydrocarbons as general markers.
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